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Zeolites are a natural volcanic minerals and
have many unique properties. They were
formed when volcanic ash was deposited in
ancient alkaline lakes. The reaction of volcanic
ash with the salts present in the lake water
altered the ash into various zeolite minerals.
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Clinoptylolite

zeolite is the most widespread in nature. In Poland, the
mineral deposits are found mainly in sedimentary rocks in the
area of Rzeszow. Rich deposits of tuffs are also located in
Ukraine and Slovakia.
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Waste water are spent liquids, solutions, colloids or
suspensions, and waste solids discharged via pipeline to
receivers which can be natural or watercourses tanks,
septic tanks, etc. In the form of waste water, waste
material, industrial waste, waste from food and faeces
urban and residential households are beying dischared.
Due to the high biological harmful effect, both municipal
and industrial waste, should be subjected to purlflcatlon
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Components:
Organic

proteins

fats

oils

resins

dyes

phenols
petroleum products
humic substances
Inorganic

bases

acids

heavy metals
anions
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Humic subsfqnces

Humic substances (HS) are major components of the
natural organic matter (NOM) in soil and water as well as
in geological organic deposits such as lake sediments,
peats, brown coals and shales. They make up much of
the characteristic brown color of decaying plant debris
and contribute to the brown or black color in surface
soils. They/are major components of NOM in surface
waters ghd at higher concentrations can impart a dark
color, £gspecially in brown fresh water ponds, lakes, and
streams. In leaf litter or composts, the color may be
vellowish-brown to black, depending on the degree of
dglcay and concenftration.

\|

Humic substances can be divided into three main
fractions:

 humic acids (HA or HAs),

« fulvic acids (FA or FAs) and

e  humin.
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Aim of the research

O The aim of the study was to modify the surface of zeolite to enable it the

sorption of negatively charged particles (e.q. humic acids) from wastewater.

ue to the structure and composition, zeolites have a unevenly distributed

negative charge. Unequal distribution of ions creates the active sites. These centers

attract counter ions and permitt the zeolites ion exchange and adsorption, mainly

with respect to cations. Purpouse of the modification with the iron and aluminium

ions was an attachment of Fe/Al by the active sites, thereby compensating the

negative charge of zeolite mairix. Studies have shown that, then the active forms

of the oxygen bridges can be form, containing two atoms of iron or aluminium,

thereby facilitating the sorption of anion:s.
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Methodology of
modification

/eolite
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Leta potential
measurement
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Determination of the
specific surface area
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An example of sorption/desorpftion isotherm for Z-Al
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Adsorption iIsotherms

O The Langmuir model

supposes that the adsorbing sites are energetically
equivalent and that at equilibrium the adsorbed
molecules are arranged in monolayers. The Langmuir
model is r&presented as follows:

Ae=(m KX Xe)/(1+(K X¢e))

O 4. is the amount of HA adsorbed per unit weight
of adsorbing material at equilibrium,

C. the equilibrium adsorbate concentratfion in
solution, gm the amount of solute adsorbed, and

K the Langmuir adsorptfion equilibrium constant,
elated to the adsorption energy
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O The Freundlich equation

IS based on the assumption that the
adsorbing has a heterogeneous
surface with different types of
adsorption sites. Adsorption on each
class of sites follows the Langmuir
isotherm. The Freundlich equation
has the form of:

ge =Kf. CeA(1/n)

O where: K; and n are parameters.
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Fig 2. Values of zeta potenial of zeolite suspension at a
given pH.
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Figure 3 . Adsorption of humic acid on zeolite modified with trivalent iron chloride (Z-Fe), aluminium chloride (Z-Al.), pretreated with 5% hydrochloric
acid (Z-H) and natural zeolite (Z-N)

Table 1. Isotherms parameters for HA sorption onto natural zeolite, zeolite activated with 5% hydrochloro acid and zeolites modified with aluminium

and iron
Langmuir Freundlich
Sample am KI r2 n Kf r2
Z-N 16.5000 0.0520 0.8577 0.3742 1.006004677 0.9840
Z-H 0.0936 1.0843 0.8860 0.5741 1.544542987 0.9276
I-Fe 0.0464 0.0902 0.9598 1.4011 71.40029399 0.8575
Z-Al. 0.0748 0.6145 0.9419 0.6885 2.650940621 0.9800
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. Presence of the soluble organic matter in wastewater is a great challenge

for sewage treatment plants

Adsorption seems to be a promising solution for purifying the wastewater
from humic acids instead of a coagulation methods

Altering the zeolite surface charge by the use of metal cations or
hydrochloric acid is affordable and efficient

Zeolite samples modified with chydrochloric acid, aluminium and the natural
zeolite sample fits to the Freundlich isotherm model and sample modified
with iron fits to the Langmuir sorption model

Sorption of the humic acids on the surface of modified zeolite conducted in
static conditions had the best results for zeolite treated with hydrochloric
acid only, which is also confirmed by the value of zeta potential

For the purpouse of industrial wastewater treatment the ,,sorption loss due to
the surface heterogeneity” of the modified zeolite needs to be evaluated



ml PL-BY-UA

g 2007-2013

Lo L-Borded CoORaratinn Frogramime
Foland - Belans - Ukraine J005-20013

oo-financed by the European Union \

,‘ Instytut Agrofizyki

References

Anielak A.M., (2006): Wiasciwosci fizykochemiczne klinoptylolitu modyfikowanego ditlenkiem manganu, Przemyst Chemiczny, 85/7, str. 487- 492
Anielam A.M. (2000):Chemiczne i fizykochemiczne oczyszczanie $ciekéw, Wydawnicywo Naukowe PWN, Wrszawa, str. 330-332

Barczyk K., Krol M., Mozgawa W., Modyfikacja organiczna zeolitéw pod katem ich wykorzystania jako sorbentéw aniondéw nieorganicznych, Wydzial Inzynierii
Materialowej i Ceramiki AGH, Sorbenty Mineralne, str. 61-72

4. Capasso S., Salvestrini S., Coppola E., Buondonno A., Colella C.,(2005): Sorption of humic acidon zeolitic tuff: a preliminary investigation. Applied Clay Science, 28, p. 159-

165

Leone V., Iovino P., Canzano S., Salvestrini S., Capasso S., (2013): Water purification from humic acids by clinoptilolite rich-tuff, Environmental Engineering and
Management Journal, 12, p. 3-6

Swiderska-Dabrowska R., Schmidt R., Sikora A. (2011): Wlasciwosci fizykochemiczne zeolitu modyfikowanego jonami zelaza. Inzynieria Ekologiczna , 24, p. 195-204. —
Influence of the calcination temperature of irion modified zeolite on its chemical stability (pol.)

Wang S., Peng Y. (2010); Natural zeolites as effective adsorbents in water and wastewater treatment. Chemical Engineering Journal, 156, str. 11-24.

8. Brunauer S., Emmett P.H., Teller E., 1938. Adsorption of Gases in Multimolecular Layers, Journal of the American Chemical Society, 60, 309-319

9. Polska Norma Jakos$¢ gleby. Oznaczanie powierzchni wiasciwej gleby. Pomiar metoda adsorpcji pary wodnej. PN-Z-19010-1, 1999



™ 2007-201% oo-financed by the European Union 'g\\ @Y/ Polskiej Akademii Nauk

PL_ BY_ U ﬁ }..:_.-_3.!;-{_.:.;!-_.- 'i.-'?'"?i..l.-...-! o i:-..:_':. .-«,,L /. Instytut Agrofizyki
. Foland = Beladus = Ukraime J0005- 0013 “'; A im.Bohdana Dobrzarskiego

Thank you for your
attention

k.kedziora@ipan.lublin.pl




